Large Scale Experimentation Slope Stability of «Soil Tyre» in Mostaganem (Algeria)  by Belabdelouhab, F. & Kebaïli, N.
 Energy Procedia  74 ( 2015 )  699 – 706 
ScienceDirect
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4 .0/).
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD)
doi: 10.1016/j.egypro.2015.07.805 
   
* Corresponding author. Tel.: 213 0662120808; fax: 213 029647077. 
E-mail address: kebaili.na@univ-ouargla.dz. 
 
 
International Conference on Technologies and Materials for Renewable Energy, Environment and 
Sustainability, TMREES15 
Large scale experimentation Slope stability of «Soil Tyre»  
in Mostaganem (Algeria) 
 
F. Belabdelouhab(1), N. Kebaïli(2), 
(1) Ecole Nationale Supérieure des Travaux Publics ENSTP, Alger, ALGERIA  belabdelouahabf@yahoo.fr 
(2) Université Kasdi Merbah Ouargla, Faculté des Sciences Appliquées, 
Laboratoire Exploitation et Valorisation des Ressources Naturelles en Zones Arides, (EVRNZA), 
Ouargla 30 000 Algeria,  kebaili.na@univ-ouargla.dz 
 
Abstract 
The importance of protecting and conserving the environment has led the research community to think seriously about the 
use of used tyres in the field of civil Engineering, as a mean to absorb the huge quantities spread all over the world. 
The research has found that used tyre could resolve some problems related to stability or bearing and also to protect certain 
structures. 
The problem of used tyre is a problem related to all countries; in fact millions of tonnes of waste are thrown away prompting 
a serious threat to the ozone layer. 
In this article, it will be discussed the construction of a backfill in a full scale. This backfill is set at the bottom of a big slope 
reaching 20m high, conducted during the construction of a highway in Sidi Lakhdar in the wilaya of Mostaganem West of 
Algiers. Layers of used tyres were spread on a orthorhombic pattern over a height of about 20m and a base length of 100m. 
The analysis and later the checks conducted were able to quantity the degree of success of this technique “Pneusol” for slope 
stability, as well as its effect on improving the soil against skidding, of course in addition to its environmental importance. 
This project which is the second one conducted in full scale in Algeria will have the benefit to improve slope stability for the 
adjacent road. In this project we absorbed about 6000 used tyres of trucks. 
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1. Introduction 
In our project, work consists of the realization of a light fill by the technique “Pneusol”. This backfill is put in place 
on a section of national highway RN11 of 100 m, which is coming up against a wall of masonry 1.50 m high and 
parallel to the same section, more precisely in section 183 to section 187, running through the upgrading of the RN11 
between Sidi Lakhdar and Mostaganem in the wilaya of Mostaganem. 
The technical objectives of this work, which is the second of its kind in Algeria, and the largest in Africa, are to 
increase the stability of the slope of the road, to stiffen its slope, to lighten the soil and finally to avoid the big 
problem in the region due to erosion phenomenon. 
 
2. Project characteristics 
Under the project involves the modernization of the RN11 between Sidi Lakhdar and Mostaganem in the wilaya of 
Mostaganem. The Ministry of Public works initiated directly apply a fill and ease stabilized by the technique 
"Pneusol" to a section of 100m of road RN11, defined and to jointly determine agreement between Laboratory LTPO 
and the D.T.P of Mostaganem, as well as the experts of the ENSTP . 
The composite filling will just stumble on a low wall of masonry 1.50 m high and parallel to the same section, more 
precisely between 'section 183' and 'section 187'. 
 
 
 
 
 
 
 
 
 
The section shows well the slope of the project. Indeed the embankment thus reinforced begins with a height from 
5.10 m relative to ` section 187' to finish with a 7.50 m height compared to ` section 183'. 
It is noticed well that the influence is very important and that the slope is the same which is likely to cause important 
departures of the sandy soil in place during weathering (erosion phenomenon). 
 
3. Characteristics mechanics and geometrical of the light embankment in “Pneusol” 
Characteristics of the design of the embankment 
 
 Height: variable height over the entire section beginning and the profile 187 by a height of 5.10m to finish the 
profile 183 by a height of 7.50m. the establishment of ground tire will be so degraded as a function of the slope 
 
Table 1: Provisions by profile (Number of table cloths) 
 
Profils Heights Number of table cloths 
 
184 6.90m 23 
 
185 6.90m 23 
 
186  6.00m 20 
 
187 5.10m 17 
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 Width at the base: the width varies according to the profiles. The base taken as reference for the stability of the 
wall is that of the tablecloth located at the top of the masonry wall. 
 
 
Table 2: Provisions by profile (Number of tires) 
Profils Widths at the base Number of tires  
183 10.80m 09  
184  8.40m 07  
185  8.40m 07  
186   7.20m 06  
187  7.20m 06  
 
 
 
 Length: it relates to the section of the `profile 183 ' with the `profile 187 '. The distribution will be done on a 
section length total of 100m, one will note that the provision of the tires heavy lorries posed flat on this linear is of 84 
tires in a shifted way, and therefore of provision orthorhombic and attached the ones to the others by nylon cord.  
The soil used to backfill "pneusol" being the same soil existing on site. It should be noted that the land is sandy, so 
cohesion is very low and its angle of friction is significant. 
 
4. Tyres characteristics  
 
The tyres (fig.1 & fig.2) are of heavy lorry types Michelin (Michelin Algeria) [2] 
  External diameter :   1.20 m 
  Internal diameter   :  0.60 m 
  Thickness :        0.33 m 
 
 
 
 
 
 
 
 
 
 
 
               
 Fig.1 Dimensions of the tires           Fig.2 Type of tyres 
 
The full number of the tires necessary for the realization of the project of reinforcement required a quantity of 6435 
tires on the whole 
 
 
Ep =0.33 
Dinter = 0.60 m 
DEXTER = 1.2 m 
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5. Principal steps in the realization of the project 
 
5.1. Works phase  
 
 Preparation of the platform  
The platform is done by bulldozer; we should make sure that we respect: 
 The slope set by design 
 The bed is free from hard points 
 
 Implementation of a drained layer under the first layer of tyres to work as : 
 As filter in case of flow (water drainage) 
 Support to take in charge the embankment load after compaction. 
 
 Set straight the first layer of tyres in an orthorhombic arrangement over the drained layers (fig3). 
 
 
 
 
 
 
 
 
 
              
                                                                    Orthorhombic provision 
Fig.3 Setup of the 1st layer of tyres 
 
 
 Tyres binding 
The tyres are attached to one another by the nylon rope. 
 
 
 
 
 
          
 
      
                      
 
                                                                        Fig.4 Tyres binding 
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 Filling  
Filling up of the voids between tyres over their thickness 
 
 Compaction 
It is done over the backfill layer by a simple sprinkling. 
 
 Repetition of the previous tasks (setup, binding, filling, compaction) up to the top level (height 7.50m) 
 
This provision gives a slope to the outer slope about 60°, which enabled us to preserve the old road in parallel. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Different steps of the experimentation 
 
 
The following diagram gives the general design of the structure thus reinforced compared to the road  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 General structure 
 
 Over lapping of the embankment with top soil, planting of trees 
 
 5.2. Control phase 
A - Compaction control 
  B - Geometrical control 
Survey controls, to check time scale deformations, in particular the displacements of the top of the embankment were 
carried out for the different layers 
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                                                               Landmark bolted 
Fig.7 Experimental sites 
 
Note that has been recorded no movement or movements of the work, which confirms the excellent stability of 
structures. [3] [4] 
6. Behavior and modeling of structure in 'Pneusol' 
 
 
 
 
 
 
        
 
 
 
 
 
 
Fig.8 Front view of overall structure                                                                                             
 
 
 
 
 
 
 
 
 
 
 
 
                              
 
 
 
                               
Fig.9 Type of project profile 
 

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It is important to appreciate the contribution of the technique in terms of stability and its influence in protection 
against possible slip.  
Composites materials generate highly heterogeneous structures on which the calculations are complex. Thus, research 
has been directed to find a qualified substitute a theory that can associate heterogeneous soil by homogeneous soil: 
the homogenization theory. [5] 
 
The conditions for the application of this theory are: 
 
The periodicity of the reinforcing (essential condition that achieves a theoretical formulation of macroscopic 
resistance test) 
 
 The sufficient reinforcing inlet for imparting to the composite material a certain 'macroscopic homogeneity ' 
 The objective in this part of the calculation is to quantify the improvement in the mechanical characteristics 
(CH, H)  for soil reinforced with continuous plies in pneumatic materials 
           
The principle is to substitute a heterogeneous soil (reinforcement+soil) by a homogeneous soil of news characteristics 
(CH, H) 
 
 
                                                 
                                              (C, )                                                          (H, CH) 
 
                                                                                         Fig.10 Initial backfill reinforced soil                                     
Fig.11 Associated homogeneous embankment 
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We find that the pneumatics inclusions play an effective role in improving the mechanical properties of the soil. 
For this purpose the checks undertaken led on following modeling:[6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12 Project Mostaganem      Fig.13 Modeling and behavior 
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Our objective is to determine: 
 
 Safety factor  Fs so as to avoid horizontal displacement 
 Vertical stress to verify against punching 
 
The results have shown the stability of the wall.  
 
                         FS = 2.10 > 1.5                      σv = 30 KN/m²    
We see that the insertion of tyres has resulted in improving the mechanical characteristics of the soil. 
 
Decreasing the spacing between the layers increases stabilizing effect. Indeed when the distance "e" between the 
layers of tires is low, the embankment height is high and the grains of sand are doubly imprisoned.[1] 
 
 
 
 
 
 
 
 
 
 
 
Fig.14 Diagram behaviour ‘Adhesion soil-tyres’ 
 
7. Conclusion 
 
This work has led to perform a computation model by which we can quantify the degree of success of this technique 
of ‘Pneusol’ in this stability of slopes as well as its effect in repairing slipping. 
The structure constructed is very stable and doesn’t exhibit any sliding or any local instability with regards to the 
tyres or the slope. 
The ‘Pneusol’ constitute a good solution for reinforcing and stabilising slopes and above all protecting the 
environment and being economically viable. 
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